Introduction
============

Colorectal cancer, a malignant tumor of the digestive system, has gradually increased in the elderly ([@b1-ol-0-0-10611]). Due to the underlying diseases and weakened immune function, the level of tolerance is weakened in elderly patients during surgery, therefore, it requires higher safety during surgery ([@b2-ol-0-0-10611]). Laparoscopy was adopted in clinical practice in 1991 ([@b3-ol-0-0-10611]). It is the main method for colorectal cancer surgery due mainly to the small trauma ([@b4-ol-0-0-10611]). Postoperative cognitive dysfunction (POCD) often appears in elderly patients undergoing large and medium-sized surgery under general anesthesia, with symptoms such as confusion, disorientation, and memory impairment ([@b5-ol-0-0-10611]). Due to the long anesthesia duration and the serious trauma caused by radical resection of colorectal cancer, the risk of POCD in elderly patients is greatly increased ([@b6-ol-0-0-10611]). Moreover, some data have shown that the mechanism of postoperative cognitive dysfunction is clearly related to the inflammatory response of the body, and it is more common in cardiothoracic surgery, abdominal surgery and other major operations ([@b7-ol-0-0-10611]).

Dexmedetomidine, a novel selective alpha 2 adrenergic receptor agonist, is effective in reducing stress response and can reduce the use of opioids and section of pro-inflammatory cytokines, thereby protecting the brain ([@b8-ol-0-0-10611]). Findings have shown that, the cognitive function of dexmedetomidine is enhanced after splenectomy in older rats ([@b9-ol-0-0-10611]). In addition, the high dosages of dexmedetomidine have the potential to prevent POCD ([@b10-ol-0-0-10611]).

POCD is a common complication of postoperative anesthesia in the elderly, and the factors affecting its onset are still unclear. The present study aimed to provide a reference for the clinical study of dexmedetomidine anesthesia for cognitive function dysfunction and its influencing factors in elderly colorectal cancer patients.

Materials and methods
=====================

### General information

One hundred and forty patients with radical colorectal cancer under general anesthesia were enrolled in Guizhou Provincial People\'s Hospital (Guiyang, China), from March 2012 to June 2015, including 80 patients in the dexmedetomidine group, with 51 males and 29 females, aged 73.76±14.54 years, weight 56.76±10.12 kg, with the disease duration of 0.71±0.27 years, and 60 cases in the saline group, including 40 males and 20 females, with an average age of 74.09±13.87 years, weight between 57.87±9.98 kg, and the disease duration was 0.68±0.18 years.

Inclusion criteria were: patients whose preoperative or intraoperative pathology were confirmed as colorectal cancer; patients who actively received and cooperated with the treatment; patients with complete data; patients without serious immune system diseases; patients whose ASA was in grade II--III (aged 60--85 years), with normal cognitive function (MMSE score \>27 points).

Exclusion criteria were: Patients with central nervous system conditions and mental illness, taking sedatives, antidepressants, high blood pressure, diabetes, coronary heart disease, cerebral infarction and liver and kidney dysfunction and other prognostic diseases; patients undergoing radiotherapy and chemotherapy before surgery.

The study was approved by the Ethics Committee of Guizhou Provincial People\'s Hospital and the experimental content of the patients was described in detail. The patients agreed and signed a complete informed consent form.

### Anesthesia method

All patients who underwent general anesthesia were applied with an endotracheal intubation procedure and pre-operative medication was avoided. Detection of vital signs such as heart rate (HR), electrocardiogram (ECG), non-invasive blood pressure (NIBP), pulse oxygen saturation (SpO~2~) and end-tidal carbon dioxide (PetCO~2~) were performed on patients during operation. In addition, Aspect-1000 were connected to monitor the bispectral index (BIS), then the peripheral venous access was established. Intravenous injection of 0.04 mg/kg midazolam (Jiangsu Enhua Pharmaceutical Group Co., Ltd., Jiangsu, China, batch number 080101), 4 µg/kg of fentanyl (Yichang Renfu Pharmaceutical Co., Ltd., Yichang, China, National Pharmaceutical Standard H42022076), 0.5--1.5 mg/kg of propofol (Xi\'an Libang Pharmaceutical Co., Ltd., Xi\'an, China, National Pharmaceutical Standard H20040300) and 0.15 mg/kg cis-atracurium (Jiangsu Hengrui Pharmaceutical Co., Ltd., Jiangsu, China, National Pharmaceutical Standard H20060869). Intravenous infusion of remifentanil 0.04--0.4 µg/(kg·min) and propofol 1.5--2.5 mg/(kg·h) were continuously applied in order to maintain the effectiveness of anesthesia during the operation, also intravenous injection of cis-atracurium were intermittent. The effectiveness of anesthesia was adjusted during the procedure and the BIS was maintained between 40 and 50; the breathing parameters were adjusted and the PetCO~2~ was maintained at 35--45 mmHg. In the study group, 200 µg of dexmedetomidine (batch number: H20110085, Jiangsu Hengrui Pharmaceutical Co., Ltd.) was diluted to 50 ml (prepared concentration of 4 µg/ml) using physiological saline. The general anesthesia-induced tracheal intubation was started, and 1 µg/kg dexmedetomidine hydrochloride was intravenously pumped in 15 min, and then the pump was maintained at 0.2--0.7 µg/(kg·h). In addition, the infusion rate was adjusted according to changes in the patient\'s heart rate and blood pressure. Dexmedetomidine was discontinued 30 min before the end of the procedure. In the control group, the same amount of normal saline was injected in the intravenous pump at the corresponding time.

### Serum collection

Peripheral blood (2 ml) was collected on the 1st day before and 1st and 3rd day after surgery during fasting period, placed in an anticoagulation tube and sent to the laboratory. After coagulation for 60 min (20--25°C), it was centrifuged at 2,600 × g for 10 min at 4°C. The supernatant was collected at −80°C to be tested, avoiding repeated freezing-thawing.

Determination of S-100β protein (S-100β) and interleukin-6 (IL-6) in serum by enzyme-linked immunosorbent assay (ELISA). S-100β, IL-6 ELISA kit was purchased from Mo Shake Biological Co., Ltd., using the BS-1101 ELISA analyzer (Beyotime, Shanghai, China) for detection. 50 µl of the standard was added to the wells that were coated with the enzyme label, then 40 µl of the sample dilution was added to the wells of the samples, and 10 µl of the sample to be tested was added (sample dilution ratio was 5 times). During the operation process, touching the wall of the well was avoided, the well was gently shaken, the reaction well was sealed with film, and then incubated in a water bath or incubator at 37°C for 30 min. The sealing film was carefully uncovered, the liquid was discarded, and the film was dried with absorbent paper, and each well was filled with the washing solution. After standing for 30 sec, this step was repeated five times and then left to dry. In addition to the blank wells (the blank control wells were identical to the above steps, but without the enzyme-labeled reagents and samples), 50 µl of the enzyme-labeled reagent was added to each well, and the mixture was incubated at 37°C for 30 min and then washed. Substrate A and B (50 µl of each) was added to each well, and the color was developed at 37°C for 15 min in the dark. Stop solution (50 µl) was added to each well, and the wells were zeroed with a blank well, and the absorbance (OD value) of each well was measured at a wavelength of 450 nm in 25 min. Then the content of S-100β and IL-6 in the serum was calculated.

### Observation indices

The mini mental state examination (MMSE) was performed 1 day before surgery, and repeated 1 day and 3 days after surgery. The score was divided into 30 points, of which 28 to 30 points indicate normal cognition, 24--27 are classified as mild cognitive dysfunction, 19--23 as moderate cognitive dysfunction, and 0--18 as severe cognitive dysfunction ([@b11-ol-0-0-10611]). The incidence of POCD was compared between the two groups. The changes of S-100β and IL-6 levels before and after surgery were observed. The factors that contributed to the occurrence of POCD were analysed.

### Statistical analysis

Statistical analysis of experimental data was performed using SPSS 19.0 software system (IBM Corp., Armonk, NY, USA), \[n (%)\] was used to represent the count data, the chi-square test was used for comparison between the groups. The measurement data were expressed as mean ± SD. The t-test was used to compare two groups, and the analysis of variance was used for comparison between multiple groups. The main relevant factors were analyzed by logistic regression The difference was statistically significant at P\<0.05..

Results
=======

### Comparison of general information

There was no significant difference between the experiment group and the control group in terms of sex, age, weight, height, duration of illness, smoking status and alcoholism (P\>0.05). The surgical procedure of the two groups were compared, and there was no significant difference in the operation time between the experiment and control groups (P\>0.05). The anesthesia time and intraoperative blood loss in the experiment group were significantly lower than those in the control group (P\<0.05) ([Table I](#tI-ol-0-0-10611){ref-type="table"}).

### MMSE scores between two groups at different times

There was no significant difference in MMSE score between the experiment group and the control group before surgery (P\>0.05). The MMSE scores of the two groups on the 1st and 3rd day after surgery were lower than those before surgery (P\<0.05). The MMSE scores of the control group on the 1st day and 3rd day after surgery were significantly lower than those of the experiment group (P\<0.05) ([Table II](#tII-ol-0-0-10611){ref-type="table"}).

### Comparison of POCD status between the two groups of patients

There were 7 (8.75%) cases of POCD in the experiment group on the 1st day after surgery, and 13 (21.67%) cases of POCD in the control group, there was no POCD in the experiment group 3 days after surgery, and 8 (13.33%) cases in the control group, and there was a significant difference between the two groups (P\<0.05) ([Table III](#tIII-ol-0-0-10611){ref-type="table"}).

### Comparison of serum IL-6 and S-100β levels in the two groups

There was no significant difference in serum IL-6 and S-100β levels between the two groups before surgery (P\>0.05). The levels of serum IL-6 and S-100β in the two groups were increased compared with those 1 day and 3 days before surgery, and the difference was statistically significant (P\<0.05). The levels of serum IL-6 and S-100β in the control group on the 1st and 3rd day after surgery were significantly higher than those in the experiment group (P\<0.05) ([Figs. 1](#f1-ol-0-0-10611){ref-type="fig"} and [2](#f2-ol-0-0-10611){ref-type="fig"}).

### Logistic regression analysis of POCD

The clinical data of all subjects were analysed 1 day after surgery, the clinical data of patients with POCD and non-POCD patients 1 day after surgery were analyzed by univariate analysis, the age, duration of anesthesia, intraoperative blood loss, IL-6 and S-100β expression were the influencing factors of POCD. Subsequently, multivariate Cox regression analysis of different indicators showed that age ≥70 years, anesthesia duration ≥3 h, intraoperative blood loss ≥350 ml, the high expressions of IL-6 and S-100β were important factors related to the occurrence of POCD (P\<0.05) ([Tables IV](#tIV-ol-0-0-10611){ref-type="table"}--[VI](#tVI-ol-0-0-10611){ref-type="table"}).

Discussion
==========

Colorectal cancer is a common malignant tumor. With the continuous improvement of living standards, environmental pollution, and changing lifestyles as well as eating habits, the incidence and mortality of colorectal cancer have been on the increase. In 2015, there were 376,000 new cases of colorectal cancer, which caused 191,000 deaths ([@b12-ol-0-0-10611]). The incidence of colorectal cancer is related to dietary structure, chronic inflammation of the intestine, heredity, colorectal adenoma and other factors ([@b13-ol-0-0-10611],[@b14-ol-0-0-10611]). Patients with colorectal cancer are often treated with radical surgery. Laparoscopic surgery is less traumatic than the traditional surgery, and has a better recovery after surgery ([@b15-ol-0-0-10611]). However, findings have shown that after surgery, clinical complications of POCD such as learning, memory, and perception appeared after surgery ([@b16-ol-0-0-10611]). The postoperative POCD in elderly patients is also closely related to inflammatory reaction, and has a certain relationship with the patient\'s preoperative history, surgical stimulation, age, anesthesia and other factors ([@b17-ol-0-0-10611]). Colorectal cancer is seriously affected by the anesthesia and the use of anesthetic drugs during the surgical treatment, resulting in the occurrence of inflammatory reactions, massive release of inflammatory mediators, and cognitive dysfunction in patients after surgery ([@b18-ol-0-0-10611],[@b19-ol-0-0-10611]).

Dexmedetomidine, an imidazole derivative and a dextrorotatory isomer of medetomidine, is a novel adrenal α2 receptor agonist with high selectivity. It can activate the G protein on the α2 adrenergic receptor in the central nervous system, and the release of norepinephrine is inhibited, which affects the sympathetic nervous system and exerts its sedative, anti-anxiety and analgesic effects ([@b20-ol-0-0-10611],[@b21-ol-0-0-10611]). It can activate the cholinergic anti-inflammatory pathway and downregulate inflammatory factors to exert anti-inflammatory effects ([@b22-ol-0-0-10611]). Moreover, dexmedetomidine is widely used in clinical anesthesia, which can stabilize the patient\'s hemodynamics, reduce the incidence of adverse reactions as well as the use of sedative anesthetics. Moreover, it has a certain inhibitory effect on the stress response and secretion and release of inflammatory factors, and there is a certain protective effect on the brain and myocardium of patients, which significantly improves the occurrence of POCD ([@b23-ol-0-0-10611]).

As a polypeptide, cytokines function by regulating the physiological functions of the body ([@b24-ol-0-0-10611]). S-100β is a specific indicator for judging brain damage, which is mainly present in the central nervous system of the body ([@b25-ol-0-0-10611]). The binding of IL-6 to membrane receptors on the surface of tumor cells enables inducible proliferation of tumor cells, which in turn inhibits apoptosis of cells and causes postoperative damage ([@b26-ol-0-0-10611]).

The surgery of the two groups were compared, there was no significant difference in the surgery duration between the experiment group and the control group (P\>0.05). The anesthesia time and intraoperative blood loss in the experiment group were significantly less than those in the control group (P\<0.05). van Harten *et al* ([@b27-ol-0-0-10611]) found that the incidence of postoperative POCD in surgical patients has a certain relationship with surgical diseases and anesthetic drugs. This study showed that compared with the preoperative MMSE scores, the scores of MMSE after surgery for elderly colorectal cancer were significantly lower, and the decrease of MMSE score after dexmedetomidine was significantly reduced. The incidence of POCD on the 1st day and 3rd day after surgery was significantly lower in the experiment group than in the control group (P\<0.05). This is consistent with the study by Chan *et al* ([@b28-ol-0-0-10611]). Intravenous injection of dexmedetomidine after anesthesia induction resulted in a significant reduction in postoperative mental confusion and POCD incidence. Findings have shown that inflammatory response as an independent factor often leading to the occurrence of POCD ([@b29-ol-0-0-10611],[@b30-ol-0-0-10611]), while S-100β protein is a good indicator of brain damage ([@b31-ol-0-0-10611]).

The high level of IL-6 reflects the strong surgical stress response ([@b26-ol-0-0-10611]). The results showed that there was no significant difference in serum IL-6 and S-100β levels between the two groups before surgery (P\>0.05). The levels of serum IL-6 and S-100β in the two groups were increased on the 1st and 3rd day after surgery, and the difference was statistically significant (P\<0.05). The levels of serum IL-6 and S-100β in the control group on the 1st and 3rd day after surgery were significant higher than those in the experiment group (P\<0.05). There are many reasons for cognitive dysfunction in patients after surgery, and the pathogenesis is still unclear. Age, preoperative underlying disease, type of surgery, duration of anesthesia, postoperative infection, respiratory complications, intraoperative anesthesia, and sedation of the patients may be associated with postoperative cognitive dysfunction ([@b32-ol-0-0-10611]). Ramlawi *et al* found that the severity and duration of the inflammatory response are related to POCD ([@b33-ol-0-0-10611]). In this study, multivariate Cox regression analysis found that in elderly people aged \>70 years, anesthesia duration of more than 3 h, intraoperative blood loss over 350 ml, high expression of IL-6 and S-100β are important factors in the occurrence of POCD (P\<0.05). This is consistent with other studies whereby the cognitive dysfunction is associated with advanced age, low level of education, high blood pressure comorbidities and long duration of anesthesia ([@b34-ol-0-0-10611]).

Many studies on the effects of dexmedetomidine on cognitive function have no definitive conclusions as the subjects were different, the dosages, timing, and methods used for dexmedetomidine were different. Further research on larger number of samples, and the mechanism of dexmedetomidine need to be carried out.

In summary, dexmedetomidine can significantly improve postoperative cognitive dysfunction in elderly patients with colorectal cancer. The occurrence of cognitive dysfunction is affected by the age, duration of anesthesia, intraoperative blood loss and high expression of IL-6 and S-100β.
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###### 

Comparison of clinical data and surgery conditions (mean ± SD)/\[n (%)\].

  Characteristics                  Experiment group (n=80)                                         Control group (n=60)   χ^2^/t value   P-value
  -------------------------------- --------------------------------------------------------------- ---------------------- -------------- -----------------------------------------------------
  Sex                                                                                                                     0.128          0.720
    Male                           51 (63.8)                                                       40 (66.7)                             
    Female                         29 (36.2)                                                       20 (33.3)                             
  Age (years)                        73.76±14.54                                                     74.09±13.87          0.136          0.892
  Weigh (kg)                         56.76±10.12                                                   57.87±9.98             0.646          0.519
  Height (cm)                      167.65±12.76                                                    168.09±11.98           0.207          0.836
  Disease duration (years)           0.71±0.27                                                       0.68±0.18            0.745          0.458
  Smoking status                                                                                                          0.088          0.766
    Smoking                        34 (42.5)                                                       24 (40.0)                             
    Non-smoking                    46 (57.5)                                                       36 (60.0)                             
  Alcoholism                                                                                                              0.625          0.429
    Alcoholic                      44 (55.0)                                                       37 (61.7)                             
    Non-alcoholic                  36 (45.0)                                                       23 (38.3)                             
  Operation time (min)             182.67±24.76                                                    180.98±23.79           0.406          0.685
  Anesthesia time (h)              188.27±54.65^[a](#tfn1-ol-0-0-10611){ref-type="table-fn"}^      211.12±79.98           2.007          0.047^[a](#tfn1-ol-0-0-10611){ref-type="table-fn"}^
  Intraoperative blood loss (ml)     367.09±151.12^[a](#tfn1-ol-0-0-10611){ref-type="table-fn"}^   429.76±217.98          2.008          0.047^[a](#tfn1-ol-0-0-10611){ref-type="table-fn"}^

P\<0.05, compared to the control group.

###### 

Comparison of MMSE scores between the two groups at different times.

  Group              1 day before surgery   1 day after surgery                                                                                     3 days after surgery
  ------------------ ---------------------- ------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------
  Experiment group   28.93±1.25             26.76±1.67^[a](#tfn2-ol-0-0-10611){ref-type="table-fn"}^                                                28.11±2.01^[a](#tfn2-ol-0-0-10611){ref-type="table-fn"}^
  Control group      28.89±1.22             24.15±1.98^[a](#tfn2-ol-0-0-10611){ref-type="table-fn"},[b](#tfn3-ol-0-0-10611){ref-type="table-fn"}^   26.09±1.78^[a](#tfn2-ol-0-0-10611){ref-type="table-fn"},[b](#tfn3-ol-0-0-10611){ref-type="table-fn"}^
  t value            0.189                  8.448                                                                                                   6.176
  P-value            0.850                  \<0.001                                                                                                 \<0.001

P\<0.05, comparison with the same group 1 day before surgery

P\<0.05, comparison with the experiment group at the same time.

###### 

Comparison of POCD status between the two groups.

  Group                     1 day after surgery   3 days after surgery
  ------------------------- --------------------- ----------------------
  Experiment group (n=80)   7 (8.75%)             0 (0.00%)
  Control group (n=60)      13 (21.67%)           8 (13.33%)
  χ^2^ value                4.672                 11.31
  P-value                   0.031                 0.0008

###### 

Comparison of general data of patients with POCD and non-POCD after 5 h of surgery.

  Characteristics             POCD group (n=20)   Non-POCD group (n=120)   χ^2^ value   P-value
  --------------------------- ------------------- ------------------------ ------------ ---------
  Sex                                                                      1.026        0.311
    Male                      15 (75.0)           76 (63.3)                             
    Female                      5 (25.0)          44 (36.7)                             
  Age                                                                      23.51        \<0.001
    \<70                        4 (20.0)          90 (75.0)                             
    ≥70                       16 (80.0)           30 (25.0)                             
  Smoking status                                                           0.020        0.889
    Smoking                     8 (40.0)          50 (41.7)                             
    Non-smoking               12 (60.0)           70 (58.3)                             
  Alcoholism                                                               0.488        0.485
    Alcoholic                 13 (65.0)           68 (56.7)                             
    Non-alcoholic               7 (35.0)          52 (43.3)                             
  Anesthesia duration                                                      25.16        \<0.001
    ≥3 h                      18 (90.0)           37 (30.8)                             
    \<3 h                       2 (10.0)          83 (69.2)                             
  Intraoperative blood loss                                                19.65        \<0.001
    ≥350 ml                   15 (75.0)           30 (25.0)                             
    \<350 ml                    5 (25.0)          90 (75.0)                             
  IL-6                                                                     22.55        \<0.001
    Highly expressed          16 (80.0)           31 (25.8)                             
    Lowly expressed             4 (20.0)          89 (74.2)                             
  S-100β                                                                   43.14        \<0.001
    Highly expressed          18 (90.0)           22 (18.3)                             
    Lowly expressed             2 (10.0)          98 (81.7)                             

###### 

Variables and valuations.

  Variable                    Valuations
  --------------------------- ------------------------------------
  Age                         \<70:1, ≥70:2
  Educational level           ≤9:1, \>9:2
  Anesthesia duration         ≥3 h:1, \<3 h:2
  Intraoperative blood loss   ≥350 ml:1, \<350 ml:2
  IL-6                        Highly expressed (≥91.28 pg/ml):1,
                              Lowly expressed (\<91.28 pg/ml):2
  S-100β                      Highly expressed (≥3.46 µg/l):1,
                              Lowly expressed (\<3.46 µg/l):2

###### 

Multi-factor Cox analysis.

                              β values   P-values   χ^2^ values   OR values   95% CI
  --------------------------- ---------- ---------- ------------- ----------- --------------
  Constant                    −5.546     0.002      9.891         0.004       
  Age                         −0.651     0.047      2.054         0.521       0.214--1.271
  Anesthesia duration         1.159      0.010      6.673         3.188       1.323--7.685
  Intraoperative blood loss   1.378      0.002      9.506         3.968       1.652--9.529
  IL-6                        0.927      0.042      4.127         2.527       1.033--6.180
  S-100β                      1.042      0.030      4.732         2.835       1.109--7.249
